Lactarius sect. Deliciosi includes a group of edible mushrooms with a worldwide geographical distribution. Although several species are considered choice edible mushrooms, taxonomic knowledge on this group in Asia is still fragmentary. A new species in L. sect. Deliciosi with orange latex, L. vividus, is described as an important wild edible mushroom that is widely distributed in central and southern China. Morphological analyses demonstrate that L. vividus encompasses high infraspecific morphological variation, which makes it difficult to clearly delimit its taxonomic boundary. Compared with other species having orange latex in L. sect. Deliciosi, L. vividus can be recognized by the vividly colored, subdistant to distant lamellae and heavy basidiospore ornamentation. It has been found to grow with four species of Pinus subg. Pinus including P. latteri, P. massoniana, P. taiwanensis and P. thunbergii. Phylogenetic analyses of the ITS region and glyceraldehyde-3-phophate dehydrogenase gene (gpd) support species delimitation and suggest ITS and gpd are good DNA markers to identify this new species.
Introduction
Lactarius sect. Deliciosi (Fr.: Fr.) Redeuilh et al. is a group of edible fungi that are collected and traded commercially worldwide (Nuytinck 2005) . Lactarius sect. Deliciosi can be readily identified by the orange, red, or bluish basidiocarps with orange, red or bluish latex but species boundaries are extremely difficult to delimit due to high morphological similarity and close affinity between species . In Asia and North America, species that were previousluy identified with European names often turn out to be different species that are endemic to those continents (Nuytinck et al. 2006a (Nuytinck et al. , 2006b Nuytinck & Ammirati 2014) .
In the descriptions of Asian representatives of L. sect. Deliciosi, Nuytinck et al. (2006b) reported a distinct species ("Lactarius sp. 2") from central-southern China (Hunan Province) . In the worldwide phylogeny of L. sect. Deliciosi based on ITS region and the glyceraldehyde-3-phophate dehydrogenase (gpd) gene, sequences of this species formed a very early diverging branch . Additional conspecific sequences were subsequently submitted to GenBank and published by Chinese researchers (Guo et al. 2011b; Chen et al. 2013; Xue et al. 2013) . Well-documented collections by the first author during several field trips in China over the past five years make detailed descriptions of the morphology, host specificity and geographical distribution possible.
Material and methods
Thirteen specimens of L. vividus sp. nov. collected from 10 provinces in central and southern China (Fig. 1) were used for morphological observations and phylogenetic analyses. When the specimens were collected, special attention was paid to the presence and identity of coniferous trees, since species in L. section Deliciosi are known to form almost exclusive symbioses with conifers. Morphological methods, DNA extraction and PCR protocols followed Wang et al. (2012) . The ITS region and part of the gpd gene were amplified for all 13 specimens. For the amplification of gpd genes, primers CTK-132F and CTK-108 rev were used (Kreuzinger et al. 1996) . Besides the three ITS sequences and one gpd sequence published by , five additional published ITS sequences of L. vividus were retrieved from GenBank. These sequences added one extra province (Guangxi) to the distribution area. . The additional six species were chosen to represent the known species of L. sect. Deliciosi from Asia (except for L. thakalorum Bills & Cotter, whose ITS sequence needs to be verified). Lactarius rufus, a species of L. subg. Russularia (Fr.) Kauffman was used as outgroup. Specimens used for phylogenetic analyses are listed in Table 1 . Alignments were made using the online version of the multiple sequence alignment program MAFFT v7 (Katoh and Toh 2008) , applying the L-INS-I strategy and manually adjusted in BioEdit. To test the incongruence between the ITS and gpd datasets, the ML-BP (Maximum Likelihood Bootstrap Proportions) for the same set of taxa were compared. A conflict was assumed to be significant when two different relationships (one monophyletic and the other non-monophyletic) for the same set of taxa were both supported with ML-BP ≥ 70%.
Phylogenetic analyses were conducted using ML in RAxML v7.2x (Stamatakis 2006) and BI (Bayesian Inference) in MrBayes v3.2.1 (Ronquist et al. 2012) . ML analyses were executed applying the Rapid Bootstrapping algorithm with 1000 replicates, followed by a ML tree search. In the BI analysis, the GTR+I+G model was used and all parameter values, except branch lengths and tree topologies, were set unlinked. The BI analyses were conducted using two runs with four chains each for 10000000 generations sampling every 100 th tree. Runs were terminated when the average standard deviation of split frequencies went below 0.01 and effective sampling sizes were > 200. A 50% majority rule consensus tree was built after discarding trees from a 25% burnin. Trees generated by the two analyses were viewed and exported in FigTree v1.3.1. The ITS and gpd datasets produced different typologies regarding the relationships between the taxa of the ingroup, but no significant conflict was found when comparing the ML-BP of monophyletic and non-monophyletic relationships for the same set of taxa. To show the uncertain phylogenetic position of L. vividus in the two datasets, and the infraspecific variation within L. vividus, the ITS and gpd datasets were analyzed separately and the trees produced by the ML analyses of both datasets are shown (Fig. 2) .
Results

The aligned ITS dataset includes
ML and BI analyses of the ITS dataset produced similar topologies which differ in that L. salmoneus is the most early diverging branch in the ML analysis whereas in the BI analyses L. subindigo is the most early diverging. The 21 samples of L. vividus formed a highly supported clade on a long branch with a ML-BP value of 99% and a BI-Posterior Probability (BI-PP) support of 1.00. The relationship between L. vividus and the other species was not resolved. ML and BI analyses of the gpd dataset produced identical topologies with comparable support values. The 14 samples of L. vividus formed a highly supported clade with a long branch and a ML-BP value of 100% and BI-PP of 1.00. This clade included two subclades among which one received significant support of ML-BP = 89%. All species except for L. subindigo and L. vividus formed a highly supported clade with a ML-BP value of 94% and a BI-PP of 1.00. The monophyly of L. sect. Deliciosi was not statistically supported either in the analysis of the ITS dataset or that of the gpd dataset. Etymology:-Named after the vividly colored lamellae.
Pileus 3-10 cm in diam., involute when young, soon plano-applanate with slightly depressed center or even reflexed; surface faintly zonate, with only 1/2-2/5 of the margin with clear or faint concentrical zones or azonate, hygrophanous, subgreasy, light yellow (4A5-5A5), orange (5A6), greyish orange (5B5), golden yellow (5B7), brownish yellow (5C7), ochraceous yellow mixed with grayish-green tinge in the center and orange (6B6) at the margin when old, orange mixed with bluish-green tinge when dry, locally with dull greenish patches; margin sulcate when fully mature in some basidiocarps, occasionally locally lobate. Pileus context 2-8 mm thick, pale orange (5A3, 5A4) or paler than the pileus, not discoloring when bruised, with pale greenish tinge when old. Lamellae 2-8 mm wide, thick, subcrowded initially, becoming subdistant to distant with age, adnate to shortly decurrent, light orange (5A4, 5A5), golden yellow (5B7), orange (6A6, 6A7, 6A6-6B6), unchanging or discoloring dull green (28E3) to green when old or bruised. Stipe 3-4.5 × 0.8-2 cm, equal or slightly tapering downwards; surface subhygrophanous, rarely scrobiculate, light orange (6A5, 5A5-6A5) to golden yellow (5B7), almost concolourous with the lamellae, locally paler, with a narrow whitish or paler zone at the apex, rarely with a concolorous apex, discoloring greenish where bruised; base with short, strigose, pale orange or pale greenish hairs. Latex scant, orange (5A6) to golden yellow (5B7), slowly discoloring dull blood-red in 2-10 minutes or when dry. Spore print pale ochraceous. 
